I. FABRICATION PROCESS AND CHARACTERISATION SET-UPS
wafer by using electron-beam lithography and dry etching. b) The SOI and the III-V sample were rigorously cleaned using a standard RCA-1 (H 2 O:H 2 SO 4 :H 2 O 2 ) cleaning process. The III-V sample was put upside down on the SOI sample manually and then the bonded sample was put on the bonding machine with applying force and temperature. c) The InP substrate and the thin InGaAs etch stop layers were removed using wet etchant in sequence. d) The mesa pattern for the III-V layer was defined by using a SiN x hard mask and reactive ion etching (RIE) process. At the same time, two via holes were defined for formation of an air gap above the HCG. e) 6-pair Si/SiO 2 DBR layer were deposited using a dielectric evaporator. Then, the square DBR was defined by using a AZ 4562E photo-resist hard mask and inductively coupled plasma reactive ion etching (ICP-RIE).
f) To introduce the air gap, the sacrificial layer were subsequently removed through the two via holes by using wet etchant. 
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II. FITTING RATE EQUATION MODEL
To analyse the eye diagram characteristics of the Si-VCL, the standard density rate equations [1] were used with an optical feedback term added [2, 3] , assuming that multiple reflections in the laser section is negligible. The feedback term is the last term in Eq. 1b.
where K c is the feedback rate, θ is the phase of the optical feedback relative to the field of the laser cavity, τ is the round-trip time of the optical feedback, N is carrier density, N p is photon density, I is injection current, η i is injection efficiency, q is electron charge, τ N is carrier lifetime, v g is group velocity, τ p is photon lifetime, τ N is lifetime of carriers that radiate spontaneous emission into the lasing mode, and Γ is confinement factor.
The gain function, g is given by,
where the nonlinear gain compression factor, is 1.5 × 10 −17 cm 3 , and g 0 is obtained by using the 6 band k·p method as a function of carrier density, N and temperature, T . An example gain spectrum is presented in Supplementary Fig. 4 , of which the peak wavelength agrees well with that of the measured photoluminescence (PL) spectrum.
Supplementary Figure 4 . Gain model. The gain spectra is evaluated at N = 2.04 × 10 18 cm −3 , N p = 2.00 × 10 15 cm −3 , and T = 23 • C.
The feedback related parameters (K c , θ, and τ ), the internal loss, α i were determined by fitting the measured frequency response spectrum at an input power of 34.7 µW (blue curve in Fig. 3b) , with the frequency response function, |H| 2 derived from the rate equations.
The injection current, I 0 and injection efficiency, η i are assumed to be 0.68 mA and 0.95, respectively. The frequency response function, H is given by,
where
N p1 is the small signal amplitude of photon density, I 1 , the small signal amplitude of injection current, N 0 , the DC component of carrier density, N p0 , the DC component of photon density, τ ∆N , differential carrier lifetime, τ ∆N , differential lifetime of carriers, a, differential gain, and a p , differential gain depending on photon density. The fitting result, the red curve in Fig.   3b , shows a good agreement with the measured spectrum. This determined K c , τ , θ and to be 150 GHz, 19.8 ps, 1.44π and 3 × 10 −17 cm 3 , respectively.
